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SUMMARY 


This report providea the results of an aeromechanicai analysis of t.ie 
flight worthiness of a tow target syatem instellation for the A-4 airplane. 


The tow target system conaists of a modified RMU-8/A reel-launcher in- 
stalled on the centerline Aero 7A bomb rack, controlled by a panel mounted in 
the left hand console in the cockpit (forward cockpit of "T" medels of the A-4), 
0.182 inch-digmeter 3 x 7 cable towline (10,800 feet stored on the reel-launcher 
spool) and a large profile fighter tow target such as the "FIGAT". This system 
configuration, which is analyzed herein is conaidered the "worst case" among 
configurations which would include long towlines, air-lauiuched and other drag 
launched towed tersets and the new RMK-19/A47U-3 reel-launcher. 


| 
: 
| 


The system installation is structurally sensitive to yaw and to side 
load factor; however, the installation is considered adequate for target tow- 
ing aissions which are within the capability of the A-4 airplane. Mission 
capability is dependent upon the installed engine. 


A-4s with J65-W-20 or J52-P-6 engines will be limited to towing man- 
euvers less tian 2G. A-4s with the J52-P-8 or higher thrust engines can pro- 
vide towing maneuvers to 3G. These limitations are imposed as a result of tar- 
get tracking and towline geometry characteristics during low airspeed, high G 
turns and do not reflect a structura! problem. 


The following recommendations are advanced: 


1. Due to yaw and side load sensitivity, it is recommended that rolling 
pullouts, abrupt control displacement and yawed flight be prohibited. 


2. It is recommended that flight test of the system be conducted with 
the guidance provided in this report, to determine suitability for ser-‘ce use. 
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INTRODUCTION 


Under reference (a) the NAVAIRDEVCEN was tasked to develop a prototype 
large diameter power unit anc a semi-automatic control system for the RMU-8/A 
reel-launcher. Thiae development was successfully completed and tested on A-4 
and F-4 airplanes as reported in reference (2). 


The analysis generated for the purpos= sf prototype tests on the A-4 
was not, howewer, adequate to justify teatea for service suitability. This 
report provides the analysis considered necessary to justify service suitabil- 
ity teste. 


DISCUSSION 


The tow target system installation, as shown in figure 1, consists of a 
RMU-8/A (modified with a 30 inch diameter power unit and semi-automatic con- 
trol system) installed on the centerline Aero 7A bomb rack of the A-4 airplane. 
A control panel is installed in the left hand cockpit console (forward cockpit of 
"T" models of the A-4). The reel-launcher spool is loaded with 10,800 feet of 
0.182 inch-diameter 3 x 7 cable towline which ie used to tow a large drag 
launched target such as the "FIGAT". Very long stepped diameter towlines may 
be loaded in che reel-launcher epool for operation with air launched targets 
which provide sufficient ground clearance for take-off and landing. 


The analysis which was performed ia provided in Appendix A. Supporting 
investigation and analysis of the Aero 7A centerline rack is provided in 
Appendix B and an analysis of the bolt reactions at the rack-airplane interface 
is provided in Appendix C. 


The flight worthiness of the aystem ig constrained by A-4 engine perform- 
ance, the eway brace atrength of the Aero 7A rack and the airplane structure 
supporting the atore suapension system. 


For a tow target mission with the "FIGAT", excess thrust of 2,000-3,000 
pounds {s required with wing tanks and the reel-launcher installed. ‘ne avail- 
ability of excess thrust must coincide with a minimum airspeed required to 
maintain target and towline tracking in a maneuver. In addition, clearance 
between the towline and the reel-launcher pod surfaces must be maintained. 
These tracking and geometry requirements are exclusive of structural considera- 
tions. 


High sway brace loads result from airplane yaw and side load factor due 
to rolling pull-out maneuvers. For the Aero 7A rack, the store yaw angle also 
increases with yawing moment due to yaw shift of the store in the suspension 
hooks. For the reel-launcher installation, the worst combination occurs when 
the reel-launcher spool isa full and there is no target installed. Store weight, 
center of gravity position and center of presaure position maximize sway brace 
load for this case. 


In view of the sensitivity to side load factor and yaw, restriction of 
the maneuverability of the airplane is considered appropriate. All applicable 
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recommended flight limitations and system rigging data are provided in Appen- 
dix D. Reel-launcher operating instructions are provided in reference (b). 
It is to be noted, however, that structural damage to the installation is un- 
likely even if these restrictions are net strictly adhered to; and, the res- 
trictions do not constrain the tow target mission. 


The analysis specifically addresses the towing of large drag launched 
targets. The configuration of the system can be readily altered for the 
launch, towing and recovery of towed targets which fit within the ground clear- 
ance envelope. The effect of this change on the analysis is to reduce sway 
brace reactions and bolt side loads due to the rearward shift of store center 
of gravity and center of pressure (target attached at reel-launcher tow point). 
Towing loads are also reduced due to the use of lower strength towline. Due 
to lower weight and a center of gravity position further aft, the RMK-19/A47U- 
3 reel-launcher would slso produce lower loads on suspension components. 


CONCLUSIONS 


The tow target system analysis indicates that, although the system 
installation is sensitive to yaw and side load, the installation is adequate 
for towing large drag laurched targets under take-off flight and landing 
conditions appropriate to shore based towing missifons, including field 
arrestments. 


Ferry flight limitations are common to all A-4s. Towing missions are 
limited by airplane engine performance. A-4s with J65-W-20 or J52-P-6 engines 
will be limited to towing maneuvers less than 2G. A-4s with the J52-P-8 or 
higher thrust engines can provide maneuvers to 3G. Towing restrictions re- 
sult from target tracking and towline geometry characteristics. 


It is recommended that flight test of the system installation be con- 
ducted within the recommended limits provided in Appendix D in order to deter- 
mine suitability for service use. 
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APPENDIX A 
I. INTRODUCTION 


This Appendix provides the detailed analysis perforead to appraise the 
flight worthiness of a tow target systen installed on the Navy A-4 airplane. 
The system consists of a modified RMJ-8/A reel-launcher, 0.182 inch - diameter 
3 x 7 steel cable towline and a large profile fighter type target such as the 
“FIGAT." The reel-launcher is installed on the centerline mounted AERO 7A 
bomb rack of the A-4. 


The analysis examines the following aspects of the installation. 


A A-~4 Performance Data 

B. Profile Fighter Target (FIGAT) Data 

C A-4 Performance Estination 

D. Towing Loads for Continuous Turns 

E. Maneuvering Formulas (Appropriate for examination of loads and load 
factors in the airspace or on flight axes) 

F. Reei-launcher Store Characteristics 

G. Real-Launcher Aero Loads 

H. Suspension Syetem (Under ferry flight, field arrestment and towing 
conditions) 
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APPENDIX 3B 
This Appendix provides the resilts of investigation and analysis to de- 
fine the strength envelope of the AERO-7A Bomb Ejector Rack. 
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APPENDIX C 


SUSPENSION SYSTEM BOLT REACTIONS 
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APPENDIX C 
I. Tarn0DUCTION 


This Appendix presents results of analysis of bolt reactions at the A-4 
centerline fuselage surface due tc the worst case store loadings obtained from 
Appendix A. The program utilized for this purpese was developed as a tool for 
the design of a hard-sount pylon for the RMK-19/A47U-3 real-launcher by Carl 
Reite. A copy of the author's comments regerding the analytical technique is 
provided on page C-9. 
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APPENDIX D 
TOW TARGET SYSTEM FLIGHT TEST 


INSTALLATION CHECK & TEST REQUIREMENTS 
OPERATING LIMITATIONS 
FLIGHT LIMITATIONS 
AIRSPEED & ALTITUDE RESTRICTIONS 
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APPENDIX D ‘ 
This Appendix provides aeromechanical deta required to operate the tow 


target system Of the A-4 airplane. The data provided herein is proposed for 
flight test purpeese. 
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